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Abstract
Free-range hens spend most of their lives outdoors, resulting in their heavy exposure to environmental pollutants such as 
polychlorinated dibenzo-p-dioxin, dibenzofurans (PCDD/Fs), dioxin-like polychlorinated biphenyls (DL-PCBs), and non-
dioxin-like polychlorinated biphenyls (NDL-PCBs). We present a case of contamination of free-range eggs that is previously 
unreported in the literature. The aim of our study was a source investigation after finding a high level of PCDD/Fs in samples 
of eggs from one of the inspected farms. Samples of hens’ eggs, muscles, and livers and the feeds and soils were analyzed. 
The results showed that the soil samples taken from the paddock contained high concentrations of PCDD/Fs and DL-PCBs 
expressed as toxic equivalents (TEQ) (72.9 ± 18.2 pg WHO-TEQ  g−1 dry mas (d.m.)) and a high concentration of NDL-PCBs 
(207 ± 46.9 ng  g−1 d.m.). The investigation found that the cause of the soil contamination was oil leaking from the farm’s 
tractor engine. The oil contained very high concentrations of PCDD/F and DL-PCBs (1013 ± 253 pg WHO-TEQ  g−1 oil) 
and 5644 ng  g−1 of NDL-PCBs. The source of the contamination was confirmed by the similarity of the PCDD/F and PCB 
profiles in the hen eggs and the soil contaminated by engine oil. The dietary intake of toxins resulting from consumption of 
the eggs is provided. For children, the consumption of contaminated eggs would result in an intake of double the tolerable 
weekly intake (TWI), while for adults, it would be approx. 60–70% of TWI.
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Introduction

Hen eggs are a fundamental part of people’s diets around 
the world. For many years, the main way in which hens were 
industrially reared was in cages. As consumers have become 
more aware of animal welfare issues, the demand for eggs 
produced in systems other than cages has increased. Hen 
eggs from backyard production are becoming increasingly 
popular among consumers, who expect that the food has high 
nutritional value and is free from toxic substances (Di Pillo 
et al. 2019; Rajkumar et al. 2021). However, because free-
range hens spend most of their lives outdoors, they are much 

more likely to be exposed to environmental contaminants, 
such as PCDD/Fs and PCBs (Hsu et al. 2010; Roszko et al. 
2014; Pajurek et al. 2019), heavy metals (Cowie and Gar-
trell 2019; Atamaleki et al. 2020; Yazdanparast et al. 2022), 
and perfluorinated or brominated compounds (Pajurek et al. 
2019; Gazzotti et al. 2021; Mikolajczyk et al. 2022). PCDD/
Fs and PCBs are toxic substances that are commonly found 
in the environment, belonging to the group of persistent 
organic pollutants (POPs) (Stockholm Convention 2001). 
They are characterized by long degradation times and lipo-
philic properties, which result in their bioaccumulation in 
the fatty tissue of animals and their biomagnification in the 
food chain (Romero-Romero et al. 2017; Castro-Jiménez 
et al. 2021; Prince et al. 2021). Long-term exposure of 
humans to these compounds, even at very low doses, can 
increase the risk of adverse health effects, such as hormonal 
imbalances, immunological disorders, reproductive disor-
ders, and cancer (Mocarelli et al. 2008; EFSA 2013, 2018; 
Fábelová et al. 2019; Onozuka et al. 2021; Rocha et al. 
2021). It should be pointed out that the health effects of 
exposure to PCDD/Fs may not become apparent until many 
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years after the exposure and also in subsequent generations 
(Mocarelli et al. 2008; Baccarelli et al. 2008; Viluksela 
and Pohjanvirta 2019). As the primary route of exposure 
to humans is food of animal origin, it is very important to 
control the quality of animal products against contamination 
with PCDD/Fs and PCBs. Even though maximum levels in 
feed materials (Directive 277/2012/EU, 1259/2011/EU and 
recommendations 2013/711/EU, 2014/663/EU) have been 
introduced by the European Community to limit PCDD/
Fs and PCBs in feed and food, incidents of contamination 
of food of animal origin still occur. It has been known for 
many years from studies that eggs from free-range hens may 
be a dietary source of PCDD/Fs and PCBs for consumers 
(Piskorska-Pliszczynska et al. 2014; Hoogenboom et al. 
2016; Pajurek et al. 2019; Mikołajczyk et al. 2021). Free-
range poultry are exposed to PCDD/Fs and PCBs from many 
sources. The increase of these contaminants in chicken tis-
sue and eggs may be caused by, for example, contaminated 
feed material, improper feed preparation, building materials 
preserved with chlorophenols, sewage sludge used as ferti-
lizer, or local environmental pollution (Malisch and Kotz 
2014; Piskorska-Pliszczynska et al. 2016; Hoogenboom 
et al. 2016). However, most incidents of contamination are 
caused by the hens’ access to contaminated soil (Vries et al. 
2006; Piskorska-Pliszczynska et al. 2014; Mikołajczyk et al. 
2021). Soil is a natural reservoir for PCDD/Fs and other 
persistent organic pollutants that enter it from various pol-
lution sources (Covaci et al. 2009; Fernandes et al. 2011; 
Piskorska-Pliszczynska et al. 2014; Shikha and Singh 2021).

Food contamination by PCDD/Fs and PCBs related to 
technical oils were previously reported by other authors 
(Tanabe et al. 1989; Soong and Ling 1997; Covaci et al. 
2008). The Belgian incident, which started when contami-
nated transformer oil was accidentally added to animal feed, 
leading to food contamination in many European countries, 
had the greatest impact on the international economy and 
consumer health (Covaci et al. 2008). Previous cases of hen 
contamination were related to the addition of oil to feed 
materials or to food, while this work shows that contami-
nated oil can be a source of PCDD/Fs and PCBs for hens 
indirectly from farm machinery left in the chicken paddock.

The aim of the study was to investigate the source of con-
tamination of a flock of hens and to perform an assessment 
of the potential risks resulting from the consumption of their 
eggs and meat.

Materials and methods

Sampling and sample collection

Random sampling was carried out in the framework of the 
Polish National Food Survey aimed at monitoring PCDD/F 

and PCB background levels in food of animal origin 
(2006/794/EC). The sampling procedure was performed in 
accordance with the provisions of regulations 644/2017/EC. 
Each year, around 30 samples of eggs from different produc-
tion types are analyzed. Samples were collected from vari-
ous regions of Poland by veterinary inspectors and analyzed 
by the National Reference Laboratory (NRL) for halogen-
ated POPs.

The contaminated eggs come from a farm in the western 
part of Poland near Wrocław. Each sample of eggs com-
prised twelve pieces. Muscles and livers were sampled from 
three animals and tested individually. Five surface soil sam-
ples (0–5 cm) were taken from places showing black spots 
and combined into one aggregate sample.

Analytes of interest

The analytes of interest were in accordance with European 
Union legislation that sets the maximum levels of PCDD/Fs 
and DL-PCBs in foodstuff (Regulation 1259/2011). A total 
of 35 congeners, including 17 congeners of 2,3,7,8 substi-
tuted PCDD/Fs, 12 congeners of DL-PCBs (PCBs: 77, 81, 
105, 114, 118, 123, 126, 156, 157, 167, 169, and 189), and 6 
NDL-PCBs (28, 52, 101, 138, 153, and 180), were analyzed.

Methods

Details of the method have been described elsewhere 
(Piskorska-Pliszczynska et al. 2014; Pajurek et al. 2019). 
Briefly, the soil and feed were dried in an oven (40 °C) for 
48 h., the eggs and muscles were freeze-dried, and then 
the samples were spiked with internal 13C12-labeled stand-
ard which contained analogs of all the analyzed congeners 
(25 pg  ml−1 for PCDD/Fs and 400 pg  ml−1 for DL-PCBs 
and NDL-PCBs). All standards were purchased from the 
Cambridge Isotope Laboratory (Andover, MA, USA) and 
Wellington Laboratories Inc. (Ontario, Canada). Then, the 
samples were extracted using accelerated solvent extraction 
(ASE 300, Dionex, Sunnyvale, CA, USA). The soil was 
extracted with toluene, the eggs with a mixture of toluene 
and methanol (30:70), the muscles with dichloromethane 
and hexane (50:50), and the feed with toluene and acetone 
(70:30). All the organic solvents were of suitable purity for 
the residue analysis and were supplied by LGC Standard 
(Wesel, Germany). The extract was cleaned and fraction-
ated using column chromatography. After pre-purification 
on a column of acidified silica gel (22 and 44% sulfuric 
acid), the extract was applied into a Florisil column and then 
into an active carbon column. Finally, three separate frac-
tions were obtained, one for PCDD/Fs and the other two for 
DL-PCBs and NDL-PCBs. Appropriately labeled recovery 
control standards were added to the relevant fraction (1,2,3,4 
TCDD, and PCB-111). High-resolution gas chromatography 
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coupled with high-resolution mass spectrometry (HRGC/
HRMS) was used for the analyses of the PCDDs, PCDFs, 
and PCBs. An Ultra Trace GC gas chromatograph (Thermo 
Scientific, Milan, Italy) equipped with a TriPlus Autosam-
pler (CTC Analytics AG, Zwingen, Switzerland) coupled to 
a DFS (Thermo Scientific, Bremen, Germany) mass spec-
trometer was used.

Quality assurance and quality control

Certified reference materials (BCR-529 sandy industrial soil, 
Joint Research Center, Belgium; RTC-CRM 962 clay sand, 
Merck, Darmstadt, Germany; and BCR-607-JRC, Belgium) 
and blank samples were analyzed to assure quality. Success-
ful participation in proficiency testing (PT), organized by 
the European Union Reference Laboratory for Halogenated 
Persistent Organic Pollutants in Feed and Food (Freiburg, 
Germany), served as an external QC.

TEQ calculations

Results of the sum (PCDD/F, DL-PCB, and PCDD/F/DL-
PCB) are expressed according to Commission Regulation 
(EU) 1259/2011/EU in TEQ using the toxic equivalency 
factors (WHO-TEF) published in 2006 (Van den Berg et al. 
2006) using the following equation:

The results are given as upper bound concentrations (con-
centration of each non-quantified congener (below the LOQ) 
was replaced with the LOQ).

Results and discussion

Levels of PCDD/Fs and PCBs

In the framework of a national food survey to monitor 
background levels of PCDD/Fs and PCBs in food of ani-
mal origin, a non-compliant sample (044-MDZ) of chicken 
eggs was found (Table 1). Commission Recommendation 
2013/711/EU with further amendments obliges to take 
actions to reduce or eliminate the source of contamina-
tion. To find the source, further samples from the farm 
were taken by a veterinary inspector. These resampled 
chicken eggs (sample 148-D) also contained high levels 
of PCDD/Fs and PCBs (Table 1). The two fodders that 
the animals were being fed—149-D (feed additive, bread) 
and 150-D (compound feed, oats and wheat)—were both 
compliant and contained the analyzed contaminants at the 
LOQ levels (Table 1). To assess the contamination status 

TEQ =

7
∑

i=1

(

PCDDi × TEFi

)

+

10
∑

j=1

(

PCDFj × TEFj

)

+

12
∑

k=1

(

PCBk × TEFk

)

of the chicken flock, three laying hens were sampled, and 
muscles and livers were collected from each animal.

The concentrations of PCDD/Fs and PCBs in the mus-
cles were above the maximum limits (ML) (014-BN, 016-
BN, 019-BN). In the livers, only sample 020-BN was non-
compliant due to a high concentration of PCDD/Fs and the 
total PCDD/Fs/DL-PCBs (Table 1). The PCDD/F levels 
in the liver were over two times higher than in the mus-
cles. According to Stephens et al. (1995), on exposure to 
PCDD/Fs, about 5–30% of the intake is transferred to the 
eggs, 7–54% is deposited in the animal fat, and less than 
1% in the liver. Ikeda et al. suggest that ingested PCDD/
Fs are stored in the fat tissue first and then excreted into 
the eggs (Ikeda et al. 2004).

The farm inspection carried out by the local veterinary 
inspector to find the source of the contamination revealed 
black spots on the soil surface in the chicken paddock. A 
sample was taken and sent for testing (012-BN), and high 
concentrations of PCDDs/Fs and PCBs were found. It was 
determined that the black spots come from a tractor engine 
that was sometimes left on the chicken paddock. Finally, 
an oil sample (023-BN) was taken from the agricultural 
tractor engine, and the PCDD/F, DL-PCB, and NDL-PCB 
concentrations were found to be very high, reaching the 
level of 1013 pg WHO-TEQ  g−1 (Table 1).

Therefore, it was assumed that the presence of PCDD/
Fs and PCBs in the hens’ eggs and tissues was due to the 
intake of these compounds from oil-contaminated soil. 
Soil is a natural reservoir of PCDD/Fs and other persis-
tent organic pollutants (Covaci et al. 2009; Fernandes et al. 
2011; Piskorska-Pliszczynska et al. 2014). Free-range and 
organic hens have access to paddocks, which gives them 
greater opportunity to come into contact with environmen-
tal sources of persistent organic pollutants. Studies on the 
effect of different husbandry systems on the bioaccumula-
tion of selected POPs confirm that eggs from free-range 
hens are more contaminated with PCDD/Fs and PCBs than 
eggs from cage production (Pajurek et al. 2019). Elevated 
PCDD/Fs levels in free-range eggs have been reported 
from Poland, the Netherlands, and other countries (Hsu 
et al. 2010; Van Overmeire et al. 2011; Piskorska-Pliszc-
zynska et al. 2016; Hoogenboom et al. 2016). In other 
long-lived birds such as ostriches, which have continuous 
access to the open-air runs, the levels of PCDD/F/DL-
PCB in their eggs can be up to 75 pg WHO-TEQ  g−1 fat 
(Piskorska-Pliszczynska et al. 2017b).

It can be estimated that laying hens may take up between 
2 and 30 g of soil with their feed (Waegeneers et al. 2009). 
This means that the theoretical daily intake of PCDD/F/
PCBs by hens could reach from 146 to 2187 pg TEQ, if the 
laying hens only take up soil from an oil-contaminated area. 
However, it is unknown how much of the soil taken up by 
the hens came from places contaminated by engine oil, and 
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it should also be noted that the bioavailability of PCDD/Fs 
from contaminated soil ingested by poultry is estimated to 
be around 40–60% (Van Eijkeren et al. 2006).

Patterns of PCDD/Fs and PCBs

Congener patterns are an important tool for the identification 
of sources of PCDD/Fs and PCBs (Hoogenboom et al. 2020). 
The expression of the patterns has a significant impact on 
the potential source analysis. Patterns expressed as a relative 
contribution to the sum are sometimes not enough, and it is 
necessary to compare the pattern as a relative contribution 
to the TEQ (Hoogenboom et al. 2020). Figure 1 presents 
the congener pattern of PCDD/Fs in all the analyzed sam-
ples expressed as a fraction of the total percentage and as 
a fraction of the total TEQ percentage. For the hen eggs 
(n = 3), hen muscles (n = 3), and hen livers (n = 3), an aver-
age profile is presented. In all the analyzed samples, two 
highly chlorinated PCDD/Fs (1,2,3,4,6,7,8-heptachlorod-
ibenzo-p-dioxin (HpCDD) and 1,2,3,4,6,7,8,9-octachlorod-
ibenzo-p-dioxin (OCDD)) dominated the congener profiles, 
together contributing 65–92% to the fraction of total PCDD/

Fs. The highest contribution to the fraction of total PCDD/
Fs was OCDD, 71% in engine oil, 77% in soil (contami-
nated with oil), and much lower in hen eggs, 57%; livers, 
49%; and muscles, 41%. A strong similarity was noticed 
when comparing the profiles expressed in TEQ. In all the 
analyzed samples, 1,2,3,7,8-pentachlorodibenzo-p-dioxin 
(1,2,3,7,8-PeCDD), 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin 
(1,2,3,6,7,8-HxCDD), and 2,3,4,7,8-pentachlorodibenzo-
furan (2,3,4,7,8-PeCDF) were the highest contributors to 
the total TEQ (Fig. 1). In the oil samples, 2,3,4,7,8-PeCDF 
dominated (24%), while in the hen eggs and tissues, it was 
1,2,3,7,8-PeCDD (27–32%). The contamination of the hen 
tissues by 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD) came from the soil because this congener was not 
detected in the engine oil.

According to other researchers (Pirard and De Pauw 
2005; Hoogenboom et al. 2006), the fraction of a certain 
congener excreted in the eggs, in relation to the amount 
ingested from the feed, is around 40% for lower chlorinated 
congeners and lower for hepta and octa congeners. Higher 
chlorinated congers are excreted to a greater extent (Pirard 
and De Pauw 2005).

Table 1  PCDD/F, DL-PCB, and NDL-PCB concentrations in analyzed samples (mean ± uncertainty/range)

Material PCDD/F DL-PCB PCDD/F/DL-PCB NDL-PCB

pg WHO-TEQ g−1 fat ng g−1 fat
Limits 2.5 - 5 40
Action levels 1.75 1.75 -
Eggs 044-MDZ 4.02 ± 0.66 0.65 ± 0.12 4.67 ± 1.17 3.95 ± 0.89

148-D 3.11 ± 0.51 1.17 ± 0.22 4.27 ± 1.07 9.71 ± 2.20
022-BN 4.20 ± 0.69 1.41 ± 0.27 5.61 ± 1.40 3.65 ± 0.83

pg WHO-TEQ g−1 fat ng g−1 fat
Limits 1.75 - 3 40
Action levels 1.25 0.75 -
Muscles 014-BN 2.48 ± 0.41 1.37 ± 0.26 3.85 ± 0.96 6.76 ± 1.53

016-BN 2.86 ± 0.47 1.21 ± 0.23 4.07 ± 1.02 5.43 ± 1.23
019-BN 4.07 ± 0.67 1.40 ± 0.26 5.46 ± 1.36 4.24 ± 0.96

pg WHO-TEQ g−1 fresh weight ng g−1 fresh weight
Limits 0.30 - 0.5 3.0
Livers 015-BN 0.25 ± 0.04 0.14 ± 0.03 0.39 ± 0.10 0.28 ± 0.06

017-BN 0.30 ± 0.05 0.14 ± 0.03 0.43 ± 0.11 0.22 ± 0.05
020-BN 0.68 ± 0.11 0.16 ± 0.03 0.83 ± 0.21 0.37 ± 0.08

ng WHO-TEQ kg−1 feed ng  kg−1 feed
Limits 0.75 - 1.25 10
Action levels 0.5 0.35
Feed 149-D 0.05 ± 0.01 0.02 ± 0.00 0.07 ± 0.02 0.04 ± 0.01

150-D 0.05 ± 0.01 0.06 ± 0.01 0.12 ± 0.03 0.16 ± 0.03
pg WHO-TEQ g−1 soil ng g−1 soil

Soil 012-BN 5.80 ± 0.95 67.1 ± 12.7 72.9 ± 18.2 207 ± 46.9
pg WHO-TEQ g−1 oil ng g−1 oil

Oil 023-BN 62.1 ± 10.2 951 ± 179 1 013 ± 253 5 644 ± 1 279
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As the PCDD/F patterns were similar, the DL-PCB pro-
files were also compared (Fig. 2) and showed similarity with 
the higher contributor to the fraction of total %—PCB-118 
(46–50%), PCB-105 (18–26%), and PCB-156 but only in 
the hen eggs and tissues (12–17%). It contributed to the soil 
and oil to a much lesser extent (4–7%). For the DL-PCBs, in 
almost all cases, the contribution of PCB-126 to the TEQ is 
more than 90% (Hoogenboom et al. 2020). In our case, PCB-
126 contributed 91–93% to all matrices, due to it having the 
highest TEF value of all the DL-PCBs at 0.1. The second 
largest contributor was PCB-169 (TEF 0.03), at around 3% 
in the engine oil and contaminated soil, and slightly higher 
(4–5%) in the eggs and hen tissues.

For NDL-PCB, the congener profiles are similar for 
chicken eggs, muscles, and livers (Fig. 3) with PCB-153, 
PCB-138 and PCB-180 being dominant. PCB-28 is notice-
able but makes a smaller contribution (7–10%). However, 
the profile looks different in the engine oil and oil-soil 
samples. Apart from PCB-153, PCB-138, and PCB-180, 
other congeners also contribute significantly (PCB-52 and 
PCB-101—13–20%). PCB-52 and PCB-101 were practi-
cally absent from the chicken eggs, muscles, and livers, but 
these two congeners have very low bioavailability, which 
was proved by Hoogenboom (Hoogenboom et al. 2004). The 
bioconcentration factors (BCFs) for PCB-52, PCB-101, and 
PCB-28 were 0.5, 0.6, and 1.1, respectively, while for the 

higher chlorinated congeners 138, 153, and 180, they were 
about 2.1 (Hoogenboom et al. 2004).

Based on the similarity of the PCDD/F, DL-PCBs, and 
NDL-PCBS congener profiles, and considering the bio-
availability of the individual congeners, it can be concluded 
that the source of the PCDD/Fs and PCBs in the hens is 
contaminated oil from the agricultural tractor engine. The 
results of our work show how important it is to control the 
environment that free-range hens have access to due to the 
possibility of the emergence of new sources of pollution.

Dietary intake—risk for consumers

The dietary intake was calculated for an adult of 70 kg and 
a child of 23.1 kg (EFSA, 2012) consuming a statistically 
average number of eggs and an assumed meat portion of 
100 g and 200 g for children and adults, respectively. The 
average monthly consumption of eggs per capita in Polish 
households in 2019 was 10.99 (equal to around 2.7/week) 
(Statistical Yearbook 2020). An average egg weight of 60 g 
was assumed. The calculated intake values, based on con-
suming this amount and the levels of PCDD/F/DL-PCB 
found in the eggs and muscles from the contaminated farm, 
are presented in the Table 2.

To characterize the potential health risk associated 
with the intake of PCDD/Fs and DL-PCBs, the doses 
ingested with the hen eggs and muscles were expressed as a 

Fig. 1  Congener patterns for PCDD/Fs in hens (eggs, muscles, livers), soil with oil and engine oil expressed as a contribution to sum (%) and as 
a contribution to the TEQ (%)
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percentage of the tolerable weekly intake (TWI) (2 pg WHO-
TEQ  kg−1 body weight) (EFSA 2018).

It was found that, for children, consumption of each of the 
analyzed eggs results in the TWI being exceeded approxi-
mately twice over (Table 2). For adults, the results are lower 
due to the higher body mass, amounting to around 60–70% 
of TWI. Consumption of the assumed quantity of chicken 
meat will result in a PCDD/F/DL-PCB intake at a low level 
of around 8–27% of TWI and 13–41% of TWI for adults and 
children, respectively. The results indicate that eggs from the 
contaminated farm could be a significant source of PCDD/F/
DL-PCB. One should keep in mind that this calculation does 
not take into account other consumed food, which can also 
contain PCDD/F/DL-PCB, such as fish and milk (Piskorska-
Pliszczynska et al. 2017a; Mikolajczyk et al. 2021). The pre-
sented case is an anomaly, and the dietary intake calculated 
here should not be applied to the general population. These 
results are intended to show that frequent consumption of eggs 
from a contaminated farm may pose a health concern. Previ-
ous papers have proved that eggs from free-range or organic, 
compared to cage production, are a bigger source of POPs 

(Roszko et al. 2014; Pajurek et al. 2019; Mikolajczyk et al. 
2022). Data from various parts of the world indicates that free-
range eggs contribute significantly to the PCDD/F/DL-PCB 
dietary intake (Hsu et al. 2010; Van Overmeire et al. 2011; 
Lambiase et al. 2017; Weber et al. 2018; Kudryavtseva et al. 
2020; Petrlik et al. 2022).

Conclusions

Hen eggs are one of the most important components of 
the human diet. Eggs from home production are becoming 
increasingly popular among consumers; however, access 
of hens to the environment is associated with a greater 
risk of POP contamination. The main conclusions of the 
study are as follows:

• The results of our research reveal another new potential 
source of contamination in free-range hen eggs.

• This case shows how important it is to draw attention 
to chicken paddocks.

Fig. 2  Congener patterns for DL-PCBs in hens (eggs, muscles, livers), soil with oil and engine oil expressed as a contribution to the sum (%) 
and as a contribution to TEQ (%)
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• Consumption of contaminated eggs from the described 
case may cause the TWI to be exceeded for children 
and contribute significantly to the TWI for adults.

• Analysis of the profiles of dioxin and PCB congeners 
provides an opportunity to identify sources of contamina-
tion.

• Food of animal origin must be controlled to eliminate 
health risks and protect consumer safety.

The issue of contamination of free-range or organic eggs 
is a complex problem, and to be able to look at it from a 
broader perspective, a large group of POPs should be ana-
lyzed (chlorinated dioxins, PCBs, polybrominated diphenyl 

Fig. 3  Congener patterns for 
NDL-PCBs in hens (eggs, 
muscles, livers), soil with oil 
and engine oil expressed as a 
contribution to the sum (%)

Table 2  Estimated intake of PCDD/F and DL-PCB expressed as % of 
TWI

PCDD/F/DL-PCB 
concentration

Children Adult
% TWI

Egg 1 4.67 201 66
Egg 2 4.27 180 59
Egg 3 5.61 216 71
Muscles 1 3.85 13 8
Muscles 2 4.07 25 17
Muscles 3 5.46 41 27
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ethers, brominated dioxins, and perfluoroalkyl substances) 
in egg samples. Such data will allow the assessment of their 
occurrence in such commonly consumed products and the 
assessment of human exposure.

Author contribution Marek Pajurek: Conceptualization, data curation, 
methodology, investigation, visualization, writing—original draft, for-
mal analysis.

Szczepan Mikołajczyk: Conceptualization, data curation, meth-
odology, investigation, visualization, writing—original draft, formal 
analysis.

Małgorzata Warenik-Bany: Formal analysis, supervision.

Funding This study was financed by the Polish Ministry of Agricul-
tural and Rural Development as a part of the Multiannual Programme 
“Control of the presence of prohibited substances in food of animal 
origin and undesirable substances in animal feed: W/302 Risk assess-
ment of dioxins and dioxin-like compounds in food and feed.”

Data availability Not applicable.

Declarations 

Ethical approval Not applicable.

Consent to participate All authors participated in the process of draft 
completion. All authors have read and agreed to the published version 
of the manuscript.

Consent to publish All authors agree to publish.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Atamaleki A, Sadani M, Raoofi A et al (2020) The concentration of 
potentially toxic elements (PTEs) in eggs: a global systematic 
review, meta-analysis and probabilistic health risk assessment. 
Trends Food Sci Technol 95:1–9. https:// doi. org/ 10. 1016/j. tifs. 
2019. 11. 003

Baccarelli A, Giacomini SM, Corbetta C et al (2008) Neonatal thyroid 
function in seveso 25 years after maternal exposure to dioxin. 
PLoS Med 5:e161. https:// doi. org/ 10. 1371/ journ al. pmed. 00501 61

Castro-Jiménez J, Bǎnaru D, Chen CT et al (2021) Persistent organic 
pollutants burden, trophic magnification and risk in a pelagic food 
web from coastal NW Mediterranean Sea. Environ Sci Technol 
55:9557–9568. https:// doi. org/ 10. 1021/ ACS. EST. 1C009 04

Covaci A, Roosens L, Dirtu AC et al (2009) Brominated flame retard-
ants in Belgian home-produced eggs: levels and contamination 
sources. Sci Total Environ 407:4387–4396. https:// doi. org/ 10. 
1016/j. scito tenv. 2008. 09. 057

Covaci A, Voorspoels S, Schepens P et al (2008) The Belgian PCB/
dioxin crisis—8 years later: an overview. Environ Toxicol Phar-
macol 25:164–170. https:// doi. org/ 10. 1016/J. ETAP. 2007. 10. 003

Cowie E, Gartrell BD (2019) Lead concentrations in the blood and eggs 
of backyard laying hens. N Z Vet J 67:86–92. https:// doi. org/ 10. 
1080/ 00480 169. 2018. 15613 40

Di Pillo F, Anríquez G, Alarcón P et al (2019) Backyard poultry pro-
duction in Chile: animal health management and contribution to 
food access in an upper middle-income country. Prev Vet Med 
164:41–48. https:// doi. org/ 10. 1016/j. preve tmed. 2019. 01. 008

EFSA (2013) Scientific Opinion on the public health hazards to be 
covered by inspection of meat (bovine animals). EFSA J 11:3266. 
https:// doi. org/ 10. 2903/j. efsa. 2013. 3266

EFSA (2018) Risk for animal and human health related to the presence 
of dioxins and dioxin‐like PCBs in feed and food. EFSA Journal 
16.https:// doi. org/ 10. 2903/j. efsa. 2018. 5333

Fábelová L, Loffredo CA, Klánová J et al (2019) Environmental oto-
toxicants, a potential new class of chemical stressors. Environ Res 
171:378–394. https:// doi. org/ 10. 1016/J. ENVRES. 2019. 01. 042

Fernandes AR, Foxall C, Lovett A et al (2011) The assimilation of 
dioxins and PCBs in conventionally reared farm animals: occur-
rence and biotransfer factors. Chemosphere 83:815–822. https:// 
doi. org/ 10. 1016/j. chemo sphere. 2011. 02. 083

Gazzotti T, Sirri F, Ghelli E et al (2021) Perfluoroalkyl contaminants 
in eggs from backyard chickens reared in Italy. Food Chem 
362:130178. https:// doi. org/ 10. 1016/j. foodc hem. 2021. 130178

Hoogenboom LA, Kan C, Bovee TF et al (2004) Residues of dioxins 
and PCBs in fat of growing pigs and broilers fed contaminated 
feed. Chemosphere 57:35–42. https:// doi. org/ 10. 1016/j. chemo 
sphere. 2004. 04. 057

Hoogenboom LAP, Kan CA, Zeilmaker MJ et al (2006) Carry-over of 
dioxins and PCBs from feed and soil to eggs at low contamination 
levels - influence of mycotoxin binders on the carry-over from 
feed to eggs. Food Addit Contam 23:518–527. https:// doi. org/ 10. 
1080/ 02652 03050 05120 37

Hoogenboom RLAP, Malisch R, van Leeuwen SPJ et al (2020) Con-
gener patterns of polychlorinated dibenzo-p-dioxins, dibenzo-
furans and biphenyls as a useful aid to source identification dur-
ing a contamination incident in the food chain. Sci Total Environ 
746:141098. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 141098

Hoogenboom RLAP, ten Dam G, van Bruggen M et al (2016) Poly-
chlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) 
and biphenyls (PCBs) in home-produced eggs. Chemosphere 
150:311–319. https:// doi. org/ 10. 1016/j. chemo sphere. 2016. 02. 034

Hsu J-F, Chen C, Liao P-C (2010) Elevated PCDD/F levels and distinc-
tive PCDD/F congener profiles in free range eggs. J Agric Food 
Chem 58:7708–7714. https:// doi. org/ 10. 1021/ jf100 456b

Ikeda M, Matsushita S, Yamashita J et  al (2004) The transfer of 
2,3,7,8-tetrachlorodibenzo-p-dioxin into eggs and chicks follow-
ing exposure to hens. Recent Advances in TCDD Toxicology 
66:3305–3309

Kudryavtseva AD, Shelepchikov AA, Brodsky ES (2020) Free-range 
chicken eggs as a bioindicator of dioxin contamination in Viet-
nam, including long-term Agent Orange impact. Emerging Con-
taminants 6:114–123. https:// doi. org/ 10. 1016/J. EMCON. 2020. 
02. 003

Lambiase S, Serpe FP, Cavallo S et al (2017) Food additives & contam-
inants : part A occurrence of polychlorinated dibenzo-p-dioxins 
(PCDDs), dibenzofurans (PCDFs) and polychlorinated biphe-
nyls (PCBs) in eggs from free-range hens in Campania (southern 
Italy) and risk evaluation. Food Additives & Contaminants: Part 
A 34:56–64. https:// doi. org/ 10. 1080/ 19440 049. 2016. 12601 67

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.tifs.2019.11.003
https://doi.org/10.1016/j.tifs.2019.11.003
https://doi.org/10.1371/journal.pmed.0050161
https://doi.org/10.1021/ACS.EST.1C00904
https://doi.org/10.1016/j.scitotenv.2008.09.057
https://doi.org/10.1016/j.scitotenv.2008.09.057
https://doi.org/10.1016/J.ETAP.2007.10.003
https://doi.org/10.1080/00480169.2018.1561340
https://doi.org/10.1080/00480169.2018.1561340
https://doi.org/10.1016/j.prevetmed.2019.01.008
https://doi.org/10.2903/j.efsa.2013.3266
https://doi.org/10.2903/j.efsa.2018.5333
https://doi.org/10.1016/J.ENVRES.2019.01.042
https://doi.org/10.1016/j.chemosphere.2011.02.083
https://doi.org/10.1016/j.chemosphere.2011.02.083
https://doi.org/10.1016/j.foodchem.2021.130178
https://doi.org/10.1016/j.chemosphere.2004.04.057
https://doi.org/10.1016/j.chemosphere.2004.04.057
https://doi.org/10.1080/02652030500512037
https://doi.org/10.1080/02652030500512037
https://doi.org/10.1016/j.scitotenv.2020.141098
https://doi.org/10.1016/j.chemosphere.2016.02.034
https://doi.org/10.1021/jf100456b
https://doi.org/10.1016/J.EMCON.2020.02.003
https://doi.org/10.1016/J.EMCON.2020.02.003
https://doi.org/10.1080/19440049.2016.1260167


Environmental Science and Pollution Research 

1 3

Malisch R, Kotz A (2014) Dioxins and PCBs in feed and food — 
review from European perspective. Sci Total Environ 491–
492:2–10. https:// doi. org/ 10. 1016/j. scito tenv. 2014. 03. 022

Mikolajczyk S, Pajurek M, Warenik-Bany M (2022) Perfluoroalkyl 
substances in hen eggs from different types of husbandry. 
Chemosphere 303:134950. https:// doi. org/ 10. 1016/J. CHEMO 
SPHERE. 2022. 134950

Mikołajczyk S, Pajurek M, Warenik-Bany M, Maszewski S (2021) 
Environmental contamination of free-range hen with dioxin. 
Journal of Veterinary Research 65:225. https:// doi. org/ 10. 2478/ 
jvetr es- 2021- 0022

Mikolajczyk S, Warenik-Bany M, Pajurek M (2021) PCDD/Fs and 
PCBs in Baltic fish – recent data, risk for consumers. Mar Pol-
lut Bull 171:112763. https:// doi. org/ 10. 1016/J. MARPO LBUL. 
2021. 112763

Mocarelli P, Gerthoux PM, Patterson DG et al (2008) Dioxin expo-
sure, from infancy through puberty, produces endocrine disrup-
tion and affects human semen quality. Environ Health Perspect 
116:70–77. https:// doi. org/ 10. 1289/ ehp. 10399

Onozuka D, Nakamura Y, Tsuji G, Furue M (2021) Cancer- and 
noncancer-specific cumulative incidence of death after expo-
sure to polychlorinated biphenyls and dioxins: a competing risk 
analysis among Yusho patients. Environ Int 147.https:// doi. org/ 
10. 1016/J. ENVINT. 2020. 106320

Pajurek M, Pietron W, Maszewski S et al (2019) Poultry eggs as a 
source of PCDD/Fs, PCBs, PBDEs and PBDD/Fs. Chemosphere 
223:651–658. https:// doi. org/ 10. 1016/j. chemo sphere. 2019. 02. 
023

Petrlik J, Bell L, DiGangi J et al (2022) Monitoring dioxins and 
PCBs in eggs as sensitive indicators for environmental pollu-
tion and global contaminated sites and recommendations for 
reducing and controlling releases and exposure. Emerging Con-
taminants 8:254–279. https:// doi. org/ 10. 1016/J. EMCON. 2022. 
05. 001

Pirard C, De Pauw E (2005) Uptake of polychlorodibenzo-p-dioxins, 
polychlorodibenzofurans and coplanar polychlorobiphenyls in 
chickens. Environ Int 31:585–591. https:// doi. org/ 10. 1016/j. 
envint. 2004. 10. 008

Piskorska-Pliszczynska J, Maszewski S, Mikolajczyk S et al (2017a) 
Elimination of dioxins in milk by dairy cows after the long-term 
intake of contaminated sugar beet pellets. Food Additives and 
Contaminants - Part A Chemistry, Analysis, Control, Exposure 
and Risk Assessment 34:842–852. https:// doi. org/ 10. 1080/ 
19440 049. 2017. 13009 43/ SUPPL_ FILE/ TFAC_A_ 13009 43_ 
SM0048. JPG

Piskorska-Pliszczynska J, Mikolajczyk S, Warenik-Bany M et al 
(2014) Soil as a source of dioxin contamination in eggs from 
free-range hens on a Polish farm. Sci Total Environ 466–
467:447–454. https:// doi. org/ 10. 1016/j. scito tenv. 2013. 07. 061

Piskorska-Pliszczynska J, Strucinski P, Mikolajczyk S et al (2016) 
Pentachlorophenol from an old henhouse as a dioxin source in 
eggs and related human exposure. Environ Pollut 208:404–412. 
https:// doi. org/ 10. 1016/j. envpol. 2015. 10. 007

Piskorska-Pliszczynska J, Strucinski P, Mikolajczyk S et al (2017b) 
Dioxins and PCBs in ostrich meat and eggs: levels and implica-
tions. Food Additives & Contaminants: Part A 34:2190–2200. 
https:// doi. org/ 10. 1080/ 19440 049. 2017. 13648 71

Prince KD, Crotty SM, Cetta A et al (2021) Mussels drive poly-
chlorinated biphenyl (PCB) biomagnification in a coastal 

food web. Scientific Reports 11.https:// doi. org/ 10. 1038/ 
S41598- 021- 88684-9

Rajkumar U, Rama Rao SV, Raju MVLN, Chatterjee RN (2021) 
Backyard poultry farming for sustained production and 
enhanced nutritional and livelihood security with special refer-
ence to India: a review. Trop Anim Health Prod 53:1–13. https:// 
doi. org/ 10. 1007/ S11250- 021- 02621-6/ TABLES/4

Rocha PRS, Oliveira VD, Vasques CI et al (2021) Exposure to endo-
crine disruptors and risk of breast cancer: a systematic review. 
Crit Rev Oncol Hematol 161:103330. https:// doi. org/ 10. 1016/J. 
CRITR EVONC. 2021. 103330

Romero-Romero S, Herrero L, Fernández M et al (2017) Biomagni-
fication of persistent organic pollutants in a deep-sea, temperate 
food web. Sci Total Environ 605–606:589–597. https:// doi. org/ 
10. 1016/J. SCITO TENV. 2017. 06. 148

Roszko M, Szymczyk K, Jedrzejczak R (2014) Influence of hen 
breeding type on PCDD/F, PCB & PBDE levels in eggs. Sci 
Total Environ 487:279–289. https:// doi. org/ 10. 1016/j. scito tenv. 
2014. 04. 033

Shikha D, Singh PK (2021) In situ phytoremediation of heavy metal–
contaminated soil and groundwater: a green inventive approach. 
Environ Sci Pollut Res 28:4104–4124. https:// doi. org/ 10. 1007/ 
S11356- 020- 11600-7/ TABLES/4

Soong D-K, Ling Y-C (1997) Reassessment of PCDD/DFs and Co-
PCBs toxicity in contaminated rice-bran oil responsible for the 
disease “Yu-Cheng.” Chemosphere 34:1579–1586. https:// doi. 
org/ 10. 1016/ S0045- 6535(97) 00453-0

Statistical Yearbook (2020) Statistical yearbook of the Republic of 
Poland

Stephens R, Petreas M, Hayward D (1995) Biotransfer and bioaccu-
mulation of dioxins and furans from soil: chickens as a model 
for foraging animals. Sci Total Environ 175:253–273. https:// 
doi. org/ 10. 1016/ 0048- 9697(95) 04925-8

Stockholm Convention (2001) The Stockholm convention on per-
sistent organic pollutants, opened for signature May 23, 2001, 
UN Doc. UNEP/POPS/CONF/4, App. II (2001), reprinted in 40 
ILM 532 (2001) [hereinafter Stockholm Convention]. The text 
of the convention and additional informatio. http:// www. pops. 
int/ TheCo nvent ion/ Overv iew/ Texto ftheC onven tion/ tabid/ 2232/ 
Defau lt. aspx. Accessed 22 Feb 2022

Tanabe S, Kannan N, Wakimoto T et al (1989) Isomer-specific deter-
mination and toxic evaluation of potentially hazardous coplanar 
PCBs, dibenzofurans and dioxins in the tissues of “Yusho” PCB 
poisoning victim and in the causal oil. Toxicol Environ Chem 
24:215–231. https:// doi. org/ 10. 1080/ 02772 24890 93574 94

Van den Berg M, Birnbaum LS, Denison M et al (2006) The 2005 
World Health Organization reevaluation of human and mam-
malian toxic equivalency factors for dioxins and dioxin-like 
compounds. Toxicol Sci 93:223–241. https:// doi. org/ 10. 1093/ 
toxsci/ kfl055

Van Eijkeren JCH, Zeilmaker MJ, Kan CA et al (2006) A toxicoki-
netic model for the carry-over of dioxins and PCBs from feed 
and soil to eggs. Food Addit Contam 23:509–517. https:// doi. 
org/ 10. 1080/ 02652 03050 05120 45

Van Overmeire I, Pussemier L, Hanot V et al (2011) Chemical con-
tamination of free-range eggs from Belgium. 23:1109–1122. 
https:// doi. org/ 10. 1080/ 02652 03060 06993 20

Viluksela M, Pohjanvirta R (2019) Multigenerational and transgen-
erational effects of dioxins. Int J Mol Sci 20.https:// doi. org/ 10. 
3390/ IJMS2 01229 47

https://doi.org/10.1016/j.scitotenv.2014.03.022
https://doi.org/10.1016/J.CHEMOSPHERE.2022.134950
https://doi.org/10.1016/J.CHEMOSPHERE.2022.134950
https://doi.org/10.2478/jvetres-2021-0022
https://doi.org/10.2478/jvetres-2021-0022
https://doi.org/10.1016/J.MARPOLBUL.2021.112763
https://doi.org/10.1016/J.MARPOLBUL.2021.112763
https://doi.org/10.1289/ehp.10399
https://doi.org/10.1016/J.ENVINT.2020.106320
https://doi.org/10.1016/J.ENVINT.2020.106320
https://doi.org/10.1016/j.chemosphere.2019.02.023
https://doi.org/10.1016/j.chemosphere.2019.02.023
https://doi.org/10.1016/J.EMCON.2022.05.001
https://doi.org/10.1016/J.EMCON.2022.05.001
https://doi.org/10.1016/j.envint.2004.10.008
https://doi.org/10.1016/j.envint.2004.10.008
https://doi.org/10.1080/19440049.2017.1300943/SUPPL_FILE/TFAC_A_1300943_SM0048.JPG
https://doi.org/10.1080/19440049.2017.1300943/SUPPL_FILE/TFAC_A_1300943_SM0048.JPG
https://doi.org/10.1080/19440049.2017.1300943/SUPPL_FILE/TFAC_A_1300943_SM0048.JPG
https://doi.org/10.1016/j.scitotenv.2013.07.061
https://doi.org/10.1016/j.envpol.2015.10.007
https://doi.org/10.1080/19440049.2017.1364871
https://doi.org/10.1038/S41598-021-88684-9
https://doi.org/10.1038/S41598-021-88684-9
https://doi.org/10.1007/S11250-021-02621-6/TABLES/4
https://doi.org/10.1007/S11250-021-02621-6/TABLES/4
https://doi.org/10.1016/J.CRITREVONC.2021.103330
https://doi.org/10.1016/J.CRITREVONC.2021.103330
https://doi.org/10.1016/J.SCITOTENV.2017.06.148
https://doi.org/10.1016/J.SCITOTENV.2017.06.148
https://doi.org/10.1016/j.scitotenv.2014.04.033
https://doi.org/10.1016/j.scitotenv.2014.04.033
https://doi.org/10.1007/S11356-020-11600-7/TABLES/4
https://doi.org/10.1007/S11356-020-11600-7/TABLES/4
https://doi.org/10.1016/S0045-6535(97)00453-0
https://doi.org/10.1016/S0045-6535(97)00453-0
https://doi.org/10.1016/0048-9697(95)04925-8
https://doi.org/10.1016/0048-9697(95)04925-8
http://www.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx
http://www.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx
http://www.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx
https://doi.org/10.1080/02772248909357494
https://doi.org/10.1093/toxsci/kfl055
https://doi.org/10.1093/toxsci/kfl055
https://doi.org/10.1080/02652030500512045
https://doi.org/10.1080/02652030500512045
https://doi.org/10.1080/02652030600699320
https://doi.org/10.3390/IJMS20122947
https://doi.org/10.3390/IJMS20122947


 Environmental Science and Pollution Research

1 3

Vries MD, Kwakkel RP, Kijlstra A (2006) Dioxins in organic eggs: 
a review. NJAS: Wageningen Journal of Life Sciences 54:207–
221. https:// doi. org/ 10. 1016/ S1573- 5214(06) 80023-0

Waegeneers N, De Steur H, De Temmerman L et al (2009) Trans-
fer of soil contaminants to home-produced eggs and preventive 
measures to reduce contamination. Sci Total Environ 407:4438–
4446. https:// doi. org/ 10. 1016/j. scito tenv. 2008. 12. 041

Weber R, Herold C, Hollert H et al (2018) Reviewing the relevance 
of dioxin and PCB sources for food from animal origin and the 
need for their inventory, control and management. Environmen-
tal Sciences Europe 2018 30:1 30:1–42. https:// doi. org/ 10. 1186/ 
S12302- 018- 0166-9

Yazdanparast T, Strezov V, Wieland P et al (2022) Lead poisoning of 
backyard chickens: implications for urban gardening and food 
production. Environ Pollut 119798.https:// doi. org/ 10. 1016/j. 
envpol. 2022. 119798

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S1573-5214(06)80023-0
https://doi.org/10.1016/j.scitotenv.2008.12.041
https://doi.org/10.1186/S12302-018-0166-9
https://doi.org/10.1186/S12302-018-0166-9
https://doi.org/10.1016/j.envpol.2022.119798
https://doi.org/10.1016/j.envpol.2022.119798

	Engine oil from agricultural machinery as a source of PCDDFs and PCBs in free-range hens
	Abstract
	Introduction
	Materials and methods
	Sampling and sample collection
	Analytes of interest
	Methods
	Quality assurance and quality control
	TEQ calculations

	Results and discussion
	Levels of PCDDFs and PCBs
	Patterns of PCDDFs and PCBs
	Dietary intake—risk for consumers

	Conclusions
	References


